Brazilian laws allow the catch of some species as ornamental fish; however, in the absence of biological information, such catch can threaten species conservation. Therefore, this study aimed to offer population and reproductive information about Farlowella hahni in streams of the Ivinhema River Basin, Upper Paraná Basin. To accomplish this, a total of 165 F. hahni individuals were analyzed, including 109 females and 48 males, resulting in an important sex ratio difference from 1:1 (χ 2 =19.97; p<0.001), indicating a predominance of females throughout the year. Females reach higher standard length than males. Males presented isometric Length-Weight Relationships, while females have positive allometric growth. Gonadosomatic index presented higher values from October through December. The mean fecundity was 100.3±36.4 of vitellogenic oocytes and was positively correlated with standard length (r=0.51; p=0.01). The data presented herein are the first for this species and suggest a need to carefully manage the F. hahni population, considering its low abundance and fecundity.
Introduction
Armored catfish are a highly diverse group. However, despite a growing number of taxonomic studies on this group in the Neotropical region (Albert and Reis, 2011) , few ecological aspects of Neotropical species are known. The higher taxonomic diversity of this group is reflected in its morphology (Lujan et al., 2012) and habitat. In particular, streams are inhabited primarily by small-sized species that present little, or no, commercial value and have restricted distribution. They are largely dependent on riparian vegetation (Castro and Menezes, 1998) . The Upper Paraná Basin provides primary habitat for this F. hahni, but it is also the region with highest human density in Brazil. Consequently, we see growing deforestation, even in riparian forest .
Stream fishes are highly susceptible to unpredictable hydrological variations (Buckup, 1999; Lytle and Poff, 2004) . While little is known about their ecology (Wootton, 1992; Winemiller et al., 2008) , Life-history traits and adjustment to environmental conditions have received more attention in the last few years (Baumgartner et al., 2008; Reynalte-Tataje et al., 2012; Silva et al., 2017) .
Studies about the life-history of Loricariidae have focused on larger species, such as Hypostomus (Duarte and Araújo, 2002; Gomes et al., 2015; Cook-Hildreth et al., 2016) , or relatively higher representatives of its assemblages, such as Loricariichthys platymetopon (Bailly et al., 2011) . Still, little is known about small Loricariidae, which, from an ecological perspective, occur in relatively low abundance. Consequently, we need to know more about the life-history of Farlowella species in order to understand population structure and reproductive success, allowing us to, in turn, evaluate their conservation status and formulate appropriate management strategies (Giarrizzo et al., 2011; Dieb-Magalhães et al., 2015) .
Species of Farlowella, which are commonly found in association with trunks in the river, are traditionally used as ornamental fish because of their beauty and exotic form, exhibiting a sticklike body and pronounced rostrum. Their preference for more complex habitats (Willis et al., 2005) appears to be a strategy designed to minimize predator encounter rates and maximize feeding. Farlowella hahni fishes occur in the Ivinhema River Basin, but in low abundance, and they mainly occur in association with riffle habitats, which lie below grassy vegetation in marginal mid to lower portions of the basin. Farlowella amazona is listed by the Brazilian Institute of Environment and Renewable Natural Resources (Brasil, 2012) as an ornamental fish with catch in the environment, recently, in Upper Paraná basin this species are renamed to F. hahni (Ota et al., 2018) . Nonetheless, no reproductive or population data are available to inform adequate management of this species.
Therefore, this study aimed to describe such life-history traits as length-weight relationship, seasonality in sex-ratio, reproductive activity, fecundity, size at first sexual maturation and spawn type for Farlowella hahni in streams of the Ivinhema River Basin, Upper Paraná Basin, Brazil.
Material and Methods

Study area
The Ivinhema River Basin is one of the main tributaries of the western part of the Paraná River located in Mato Grosso do Sul State, Brazil (Figure 1 ). This river basin is approximately 600km long and covers 45,000 km 2 . It is one of the few remaining segments with lotic characteristics in the Upper Paraná Basin without influence of damming Ferreira and Súarez, 2015) . Highest rainfall occurs from October to March in a Dourados subbasin region (Arai et al., 2010) .
Compared to São Paulo and Paraná State, this section of the Upper Paraná River in Mato Grosso do Sul State is characterized by lower human density, although the region is impacted by agriculture and livestock. Still, the absence of larger dams and a larger floodplain portion in the lower portion allow for the maintenance of diversified ichthyofauna (Thomaz et al., 2007; Petsch et al., 2013) , while also acting as an important environment for larger species to complete their life cycles (Santana and Minte-Vera, 2017) .
Data sampling
Sampling was performed between 2001 and 2016, a total of 230 stream stretches distributed along the entire Ivinhema River. The studied species occurred in 17 sampled sites. The samples were taken during daylight with a rectangular sieve measuring 1.2 × 0.8 m (2 mm mesh size) at each site, with approximately 100-m long hauls. Specimens were fixed in 10% formalin and preserved in 70% ethanol for subsequent identification. A voucher specimen was deposited at the Fish Museum of the Universidade Estadual de Maringá (NUP#9396).
The study was conducted according to a protocol approved by the Ethics Committee of the Universidade Estadual de Mato Grosso do Sul (#010/2014), and samples were authorized by SISBIO (#13458-1).
In the laboratory, fish were identified according to Graça and Pavanelli (2007) , and their standard length (mm), total weight (g), sex, maturation stage and gonad weight (g) were obtained. Individuals were classified as juveniles (immature) and adults (in maturation, mature, spent or at rest). For 23 mature females, all oocytes were counted and measured to determine fecundity and spawn type.
Data analysis
The differences in sex ratio for the whole period and the quarterly variation were quantified using the χ 2 test, with the use of Yates correction for the first case.
Length/Weight relationship (LWR) were estimated according to the following equation: Total Weight (Log) = a*Length Standard(Log)*b, where: a=constant, and b=allometric coefficient of growth (Ricker, 1973) estimated by linear regression (Froese, 2006) . The degree of association between TW and LS was calculated by the adjusted determination coefficient (r 2 ). The confidence interval (±0.95; α=0.05) of parameters a and b were also estimated.
Quarterly variation in gonadosomatic index (GSI) was quantified through a Kruskal-Wallis analysis because homogeneity of variances and normality were not detected. The influence of female size on total fecundity was estimated using the Spearman correlation. The size of oocytes in mature females was measured by optical stereomicroscopy, and frequency distribution was used to determine total or split spawning.
The size at first sexual maturation was estimated for males and females using a logistic regression, and then the variation in the relationship between mature (1) and immature individuals (0) was modeled as a function of fish size.
Absolute fecundity was estimated based on the total number of vitellogenic oocytes of ten mature females, whereas relative fecundity was determined by the number of vitellogenic oocytes per milligram of body weight for these same females (Arantes et al., 2013; Suzuki et al., 2000) . For bulky ovaries, only a subsample was used, and the fecundity was estimated by the simple rule of three based on the assumption that the subsample contains the number of counted oocytes proportional to weight of this subsample relative to full ovarian weight. Relative fecundity was obtained from the number of mature oocytes per milligram of the total weight of females. Values for absolute fecundity, relative fecundity, and mean number of mature oocytes are presented.
Correlations between fecundity and standard length were tested using Spearman correlation rank coefficient in order to quantify variation in fecundity according to female size. Absolute fecundity was estimated from the total number of mature oocytes, and relative fecundity was determined by the ratio between the number of mature oocytes and total female weight.
Spawning type was determined by analysis of the relative frequencies of diameter classes of oocytes in ten mature females. Diameters of one hundred and fifty randomly chosen oocytes were measured using a magnifying glass with an ocular micrometer. The measurements were then converted into millimeter and used to obtain occurrence frequencies for oocyte diameters, which were then used to infer spawning type. Hatching mode was evaluated using histograms of the frequency distribution of oocyte diameters (Vazzoler, 1996) . Observation of the most advanced mode of hatching, along with the position of the ovaries, indicated developmental oocytary phases, which permitted the inference of spawning type.
All statistical analyses were performed using the platform R ( R Development Core Team, 2017) . For all statistical tests, a significance level of p<0.05 was adopted.
Results
A total of 165 individuals of F. hahni were analyzed, including 109 females, 48 males and 8 individuals of undetermined sex. The sex ratio differed from 1:1 (χ 2 =19.97; df=1; p<0.001), indicating the predominance of females throughout the year. The standard length ranged from 33 to 175 mm; males ranged from 58 to 159 mm (median=108.9 mm) and females from 51 to 175 mm (median=118.7 mm) ( Figure 2) .
Males showed isometric growth according to LWR: Total weight=0.00000084*Standard length 3.10 with confidence Interval for a (CI α0.05 =0.00000048 to 0.0000014) and for angular coefficient (CI α0.05 =2.98 to 3.22) (r 2 =0.98; F=2797; p<0.001). Females showed positive allometric growth according to LWR: Total weight=0.00000040*Standard length 3.27 with confidence Interval for a (CI α0.05 =0.00000024 to 0.00000068) and for angular coefficient (CI α0.05 =3.17 to 3.38) (r 2 =0.97; F=3514; p<0.001). This finding of isometric growth of males and positive allometric growth for females is the first estimate reported for F. hahni (Figure 3) . A significant seasonal difference was observed in the gonadosomatic index (Kruskal-Wallis H=10.70; p=0.013), and the highest GSI values were observed from October through December ( Figure 4A ). Size at first sexual maturation for females was estimated as 100.4 mm (CI α0.05 =94.7 to 106.1 mm). The size at which 100% of females were considered mature was 166.1 mm with CI varying from 142.9 to 189.3 mm ( Figure 4B) .
Absolute fecundity varied from 55 to 194 vitellogenic oocytes (mean=100.3±36.4) and was positively correlated with standard length (Spearman r=0.51; p=0.01) ( Figure 5A ). Oocyte diameters showed two peaks, with the first representing reserve oocytes and the second varying from 1.3 to 1.6mm as mature oocytes, ready for spawning ( Figure 5B ). 
Discussion
The sex ratio difference from 1:1 is considered a disadvantage in sexual competition, with the members of the predominant sex transmitting their genes with lower frequency to the next generation. However, it is expected that populations with a need for rapid growth will have a higher proportion of females, e.g., prey species or populations in the process of colonization. The predominance of females has been reported for other small loricariid species in the Neotropical region, e.g., Neoplecostomus microps (Levitan, 2005; Braga et al., 2008) , Pareiorhina rudolphi (Braga et al., 2009) , Loricariichthys castaneus (Gomes et al., 2011) and Loricarichthys platymetopon (Suzuki et al., 2000) . For Farlowella species, only F. vittata has available data about sex ratio in the Güejar River (Colombia), and this species did not present differences in sex-ratio (García-Alzate et al., 2012) .
Current hypotheses used to explain differences in sex ratio are usually focused on differential survival rates between sexes, in predation rates or spatial segregation (Dala-Corte and Azevedo, 2010; Cetra et al., 2011; Tondato et al., 2012) . We observed that juvenile F. hahni mainly occurred in streams close to rivers or in larger rivers, probably in response to higher hydrological unpredictability of streams and water velocity. Variation in sex ratio could be explained by the lower survival of juveniles, while the predominance of females could be viewed as a strategy for population maintenance, or the inability of males to survive in streams with higher current velocities, though not mutually exclusive. Considering the absence of data for other Farlowella species and the fact of our results are strikingly different from those reported to F. vittata, are need more data for different populations of F. hahni or other species to better understand if a variation in the sex ratio pattern can be identified.
The Length/Weight relationship (LWR) allows us to understand how populations, or sexes, allocate resources to somatic growth. Environmental influences on fish growth also can be viewed using LWR in that populations with better resource availability should show higher somatic growth. The differences between sexes in our study could be attributed to 1) the superior efficiency of females in obtaining feeding resources, or, though not mutually exclusive, 2) males being more affected by predation or environmental pressures. Since females reach higher standard length and need biomass accumulation to reproduce, the difference in angular coefficient of LWR can be a strategy to store energy against future reproduction, a theory raised by other studies (Marcucci et al., 2005) .
The Gonadosomatic index presented higher values from October to December, suggesting higher reproductive activity in this period which coincides with increased temperatures and more rainfall in the sampled region, suggesting that these environmental descriptors can act as triggers to spawn. A similar result was observed for F. vittata (García-Alzate et al., 2012) , which presented a similar reproductive response to environmental cues. Some studies suggested that higher pluviosity can decrease predation and intraspecific competition for food and space (Stoumboudi et al., 1993; García-Alzate et al., 2012; Freitas et al., 2015) . However, we cannot exclude the positive effect of increase in net productivity offering better conditions for ovarian development and survival of juveniles, perhaps also associated with a possible reduction in predation by habitat expansion in small flooding events in lower portions of the streams. Other studies reported similar findings, thus generating the idea that fish fitness is associated with the commencement of greater rainfall and rise in temperature (Trajano, 1997; Ramos and Konrad, 1999) , in agreement with our data. At first maturation, we estimated that F. hahni reached a size of 100.4 mm, smaller than that estimated for F. vittata (122 mm) (García-Alzate et al., 2012) . Considering that F. vittata reached 190.4 mm of standard length, while F. hahni reached 175 mm relative to differences in water temperature between sampled regions (F. vittata: mean temperature=26 °C; F. hahni: mean temperature=24.7 °C), the analyzed species reach first maturation at 64% and 57.4% of maximum registered size, respectively. This life-history trait is an important descriptor of fish biology and is a fundamental tradeoff against the exigencies of fish growth, survival and fitness (Braga et al., 2008; Dieb-Magalhães et al., 2015) .
The positive relationship between fecundity and female length is common (Vasconcelos et al., 2011) ; on the other hand, the lower fecundity observed for F. hahni is consistent with that observed for F. vittata (mean=46 oocytes). The higher mean values for F. hahni suggest that this could be a characteristic trait of this fish group. In contrast, the diameter of F. vittata vitellogenic oocytes is similar to that of F. hahni (F. vittata=1.4 mm; F. hahni=1.3-1.6 mm), suggesting that this pattern is common to this species group and the possible result of investment in parental care (Gross and Sargent, 1985) , thus explaining the lower fecundity and higher oocyte diameter (Mazzoni and Caramaschi, 1995; Dala-Corte and Azevedo, 2010) . This could mean that the greater number of oocytes might compensate for the lower fecundity, increasing, in turn, the probability of survival of juveniles in a phase without the use of exogenous energy (Braga et al., 2008) .
Spawn type was considered total based on oocyte diameter of two clear groups, despite the smaller variation in vitellogenic oocyte diameter (1.3 to 1.6 mm). Total spawn appeared to be associated with reproductive period and was concentrated from late spring to summer. The occurrence of juveniles near larger streams and rivers implies a relationship between reproductive traits and hydrological characteristics of the sampled environment. This hypothesis corroborates the results of Espírito-Santo et al. (2013) who found a strong relationship between hydrological gradient and reproductive traits for species with large eggs spawning seasonally and influenced by hydrology.
In conclusion, these findings represent the first reported data about population structure and reproductive biology of Farlowella hahni, suggesting that females are larger, more abundant and present higher allocation of resources in weight compared to males. Reproduction is concentrated from late spring to summer, and fecundity is low, but with a greater number of oocytes and total spawn. These results tell us that exploitation of this species should be understood in terms of its biological characteristics. More specifically, in the Ivinhema River Basin, given the low occurrence rate of 10% of sampled site and associated low fecundity, more prudent conservation steps toward management of this species are recommended.
